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ACTUATION DEVICE FOR ACTUATING
SWITCHING ELEMENTS

FIELD OF THE INVENTION

The invention relates to an actuating device for actuating at
least one shifting element shiftable through a shifting device,
along with the use of the actuating device.

BACKGROUND

With modern motor vehicle transmissions, in particular
automatic transmissions, gears are shifted by shifting ele-
ments, 1.e. clutches or brakes, designed as multi-disk shifting,
clements or claw shifting elements. Usually, the shifting takes
placing hydraulically, 1.e. through shifting devices 1in the form
of piston/cylinder units, which are coated with pressurized
o1l. The pressurized o1l 1s conveyed by a pump and through o1l
supplies of the transmission housing through so-called rotat-
ing o1l feeds, into the rotating gear shaft, and led from 1t to the
shifting devices. Losses that burden the transmission efli-
ciency arise from the hydraulic circuit, 1.¢. the performance of
the transmission o1l pump, seals, pressure drops 1n the supply
lines, and leakage. The problem with this system 1s that losses
caused by the hydraulic circuit, in particular by shifting, must
be kept as low as possible, in order to achieve the highest
transmission efliciency possible. A particular problem 1s that,
in a closed shifting element, the o1l pressure 1n a hydraulic
cylinder, the so-called closing pressure, must be constantly
tracked, 1.e. maintained, in order to be able to deliver the
necessary turning moment into the shifting element. This
pressure must be applied by a hydraulic pump, which 1s
driven by the engine of the motor vehicle, which brings about
losses.

A hydraulically shiftable multi-disk shifting element 1s
known from DE 102 05 411 A1l of the applicant, wherein 1n a
closed state, 1.e. upon the transmission of the turning moment,
the multi-disk shifting element 1s mechanically locked by a
locking device. Thereby, the contact force between the multi-
disks 1s maintained, without hydraulic pressure having to
act—the transmission o1l pump 1s thereby unburdened. In a
variant that 1s not shown 1n the reference, the locking device
1s designed as a shut-oif valve, which 1s arranged 1n the supply
area ol the hydraulic cylinder. Thus, the pressure space of the
cylinder at the pump 1s shut off, and the necessary pressure 1s
maintained for maintaining the contact pressure in the multi-
disk pack. Thus, with this variant as well, 1f the shifting
clement 1s closed, the transmission oil pump 1s unburdened.

A synchronization for a manual transmission 1s known
from DE 10 2006 049 283 Al of the applicant, whereas an
idler gear 1s able to be shifted by means of an actuator
arranged 1n a gear shait, designed as a cylinder/piston unat.
The cylinder of the actuator features two pressurized medium
lines, 1n which shut-off valves are arranged, through which
the pressure prevailing in the cylinder can be maintained,
without the pump having to consume power.

SUMMARY OF THE INVENTION

Starting from this state of the art, the task of the invention
1s to create an actuating device of the aforementioned type
with the smallest possible losses, i particular upon use in
transmissions. Additional objects and advantages of the
invention will be set forth 1n part in the following description,
or may be obvious from the description, or may be learned
through practice of the invention.
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The tasks of the mnvention are solved by the actuating
devices described and claimed herein.

In accordance with certain embodiments of the invention,
the shut-off valve that maintains the closing pressure in the
pressure space of the shifting device 1s connected 1n a torque-
prool manner to at least one shifting element and 1s electri-
cally controllable, whereas electrical energy 1s able to be
supplied without contact. The contact-free transmission of
power preferably takes place on an inductive basis, whereas a
fixed-location primary coil and a co-rotating secondary coil
may be provided. This avoids plug connections and mechani-
cal friction losses for the supply of power.

According to a preferred embodiment, the shifting device
1s able to be actuated hydraulically or pneumatically, 1.e.
embodiments are not limited to only one pressurized medium.

According to a preferred embodiment, the shifting device
1s designed as a bellows, which 1s able to be filled with a
pressurized medium. The bellows forms a closed pressure
space, 1n which no seals are necessary. This results 1n the
advantage of an absolute tightness and, through the discon-
tinued use of sealing elements, an efficiency gain. The closing
pressure 1n the bellows 1s maintained by the shut-oil valve.

According to a further preferred embodiment, at least one
shifting device 1s designed as a piston/cylinder unit, which
may be coated by a liquid or gaseous medium.

According to a further preferred embodiment, the piston 1s
designed as an annular piston. Thereby, the shifting force
generated by the shifting device may be transferred to the
shifting element, for example a multi-disk clutch.

According to a further preferred embodiment, the shut-off
valve forms a component or a part of an actuator, which also
includes an electric motor and a valve spindle, which moves
a valve closure element provided with a movement thread. A
relatively high closing pressure for the shut-off valve may be
achieved through the spindle/nut drive. In accordance with
the definition, the actuator (also referred to as an actor) com-
prises a part of a drive—here, the electric motor—and a valve
part (closed body)—here the valve closure element with a
valve spindle.

According to a further preferred embodiment, the shut-off
valve 1s a part of an actuator, which comprises a magnetic
coil, an armature and a valve tappet, which actuates the valve
closure element. Thus, this embodiment of an actuator oper-
ates like a magnetic valve with purely translational motion.
This ensures a higher closing speed and higher valve dynam-
ics at a lower cost.

According to a further preferred embodiment, an elec-
tronic control device, also referred to as an electronics mod-
ule, 1s attached to at the at least one shifting element. Elec-
tronic components, such as a secondary coil for the contact-
free transmission ol power and parts of the actuator, are
incorporated 1n the co-rotating electronics module. The elec-
tronics module represents a unit that i1s pre-assembled to the
greatest possible extent.

According to a further preferred embodiment, a functional
mounting, in which moving parts of the actuator are incorpo-
rated and are arranged 1n floating form 1n a hydraulic fluid, 1s
connected to at least one shifting element. This achieves
compensation for the centrifugal force. Through the hydrau-
lic flmd, the moving parts, such as the valve spindle, armature
shaft and valve closure element, experience a buoyant force,
which 1s directed against the operating direction of the cen-
trifugal force.

According to a further preferred embodiment, the average
density of the moving parts approaches the average density of
the hydraulic fluid, preterably a hydraulic or transmission oil.
This can be achieved, for example, through hollow construc-
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tion (armature hollow shait) or lightweight construction
(plastic or light metal materials).

According to a further preferred embodiment, a power
accumulator 1s provided 1n the power flow between the actua-
tor and the shifting element; this mechanism has the function
by compensating for a diminishing shifting force. This avoids
any slipping of the shifting element, for example a multi-disk
clutch. The power accumulator may be designed as an elastic
clement, for example as a disk spring, and/or as an elastic
annular piston.

According to a further preferred embodiment, fluid 1s sup-
plied to the shut-off valve through a rotary signal transmitter,
1.e. a device for delivering fluid from a fixed-location com-
ponent to a rotating component. Advantageously, a single
rotary signal transmitter provides fluid to several shut-off
valves and shifting devices assigned to them, which reduces
the number of rotary signal transmitters causing friction and
leakage losses. Thus, multiple shifting elements may be
optionally actuated with only one pressure control valve or
only one rotary signal transmitter.

According to a further preferred embodiment, the rotary
signal transmitter 1s applied with a pressure level that corre-
sponds to a lubrication pressure level, for example an o1l
pressure of 0.3 bar. This ensures that, with a closed pressure
control valve, 11 there 1s no pressure on the rotary signal
transmitter, the rotary signal transmitter does not draw any air
bubbles. Air bubbles 1n the hydraulic system would impair
reproducible control characteristics. In the case of a transmis-
s10n, a lubrication pressure level 1s already available.

According to further preferred embodiments, a contact-
free position sensor, with a displacement transducer and an
acceptor, 1s allocated to the electronics module and at least
one shifting device. Preferably, the displacement transducer
may be arranged 1n an annular piston of a shifting device, such
as a multi-disk clutch. Pressure or force sensors can also be
provided. Thereby, the respective operating status of the shift-
ing element (open, closed or intermediate positions) can be
recorded. The shift quality can thereby be improved, and a
creeping pressure loss 1n the shifting device 1s detected and
tracked, without this leading to a change to the driver conduct.

According to a further preferred embodiment, a pressure
accumulator, which 1s replenished by an intermittently run-
ning electric pump, 1s provided. Thereby, hydraulic fluid may
be provided at a constant pressure level, and the driving power
of the hydraulic pump may be reduced.

According to a further aspect of the invention, the actuating
device described above 1s advantageously used 1n a transmis-
sion, 1n particular an automatic transmission for motor

vehicles. This can improve the overall efficiency of the trans-
mission.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are shown in the drawing
and more specifically described below, whereas additional
characteristics and/or advantages may arise from the descrip-
tion and/or the drawing. The following 1s shown:

FIG. 1 an axial section of an actuating device in accordance
with the invention with a shut-oif valve and shifting elements
for a transmission,

FIG. 2 a hydraulic circuit diagram for the actuation of
shifting elements,

FIG. 3 an electronics module for incorporating actuators.

FIG. 4 an axial section through the shifting elements with
a contact-iree position sensor; and

5

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 5 a shifting device designed as a bellows as a turther
embodiment of the invention.

DETAILED DESCRIPTION

Reference will now be made to embodiments of the mven-
tion, one or more examples of which are shown 1n the draw-
ings. Fach embodiment 1s provided by way of explanation of
the invention, and not as a limitation of the invention. For
example features illustrated or described as part of one
embodiment can be combined with another embodiment to
yield still another embodiment. It 1s intended that the present
invention include these and other modifications and varia-
tions to the embodiments described herein.

FIG. 1 shows an actuating device 1in accordance with the
invention for an automatic transmission of a motor vehicle
with a gear shait 1, on which a so-called functional mounting
2 with a rotational axis “a” i1s arranged in a torque-proof
manner. A total of three shifting elements, namely a first
multi-disk clutch 3, a second multi-disk clutch 4, and a claw
coupling 5, are connected to the functional mounting 2. Shift-
ing devices that are able to be actuated hydraulically,
designed as piston/cylinder units 6, 7, 8, are allocated to the
shifting elements 3, 4, 5. Each of the shifting devices 6, 7
features a ring-shaped ring cylinder designed as a pressure
space 6a, 7a, which 1s arranged 1n the functional mounting 2.
The shifting elements 3, 4, 5 are connected on the drive side
through a common, combined multi-disk/claw carrier 9 that,
regarding the first multi-disk clutch 3, 1s designed as an outer
multi-disk carrier 9a, regarding the second multi-disk clutch
4, 1s designed as an inner multi-disk carrier 96, and regarding
the claw coupling 5, 1s designed as a claw carrier 9¢. The
output side of the first multi-disk clutch 3 features an 1nner
multi-disk carrier 3a, which 1s connected to a cylinder-shaped
output element 10. The claw coupling 5 1s connected to a
turther cylinder-shaped output element 11. The second multi-
disk clutch 4 features an outer multi-disk carrier 4a, which
forms the third output element 12. The first multi- dlsk clutch
3 1s actuated through a first annular piston 13, and the second
multi-disk clutch 4 1s actuated through a second annular pis-
ton 14, while the claw coupling 5 1s actuated through several
shifting arms 15 arranged around the circumierence of the
functional mounting 2. The combined multi-disk/claw carrier
9 1s connected 1n a torque-proof manner to the functional
mounting 2 through a connecting element 16, such that the
drive sides of the three shifting elements 3, 4, 5 are connected
to the gear shait 1 through the functional mounting 2.
Thereby, the functional mounting 2 1s also the mounting of
the shifting elements 3, 4, 5.

In accordance with the invention, a shut-off valve 17 1s
arranged 1n the functional mounting 2, which comprises two
bodies 2a, 26 connected to each other. This shut-off valve
controls the pressurized o1l supply to the pressure space 7a of
the shifting device 7. A so-called rotary o1l feed 19, also
referred to as a rotary o1l exchanger 19, 1s provided between
a (schematically shown) transmission housing 18 and the gear
shaft1;1.¢., the pressurized o1l 1s passed from a fixed-housing
C“’lannel 20 111t0 an annular groove 21 1n the gear shaft1. From
there, through a radial hole 22, and axial hole 23 and an
additional radial hole 24, the pressurized o1l passes into an o1l
channel 25 ofthe functi 011:-511 mounting 2, and from there to the
shut-oif valve 17. From the shutoif valve 17, a pressurized o1l
channel 26 leads into the pressure space 7a. The pressurized
o1l supply to the additional pressure spaces 6a, 8a of the
shifting devices 6, 8 1s shown 1n part with dotted lines—the
associated shut-oif valves are not visible in the sectional view,
as they are arranged 1n a manner moving 1n a circumierential
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direction. Generally, each shifting device 6, 7, 8 1s equipped
with a shut-off valve—as emerges below from the explana-
tion of FIG. 2.

The shut-off valve 17 1s electrically actuated, in the
embodiment shown by the electric motor 27, which 1s
arranged 1n an electronic control device 28, designed 1n a ring
shape, also referred to as an electronics module 28. The
electronics module 28, which features additional functions, 1s
the subject matter of a separate simultaneously filed patent
application of the applicant with U.S. application Ser. No.
14/352,095. The subject matter of this simultaneous applica-
tion 1s fully incorporated by reference 1n the disclosure con-
tent of this application for all purposes. In connection with the
electric motor 27, the shut-off valve 17 forms an actuator, also
referred to as an actor. The shut-off valve 17 features a rotat-
ing spindle 17aq and a valve closure element 175 connected
through 1t to a movement thread. The rotating spindle 17a 1s
connected to a hollow shatt 17¢, on which an armature of the
clectric motor 27 (not shown with a reference number) 1s
arranged. With a rotating functional mounting 2, the moving

parts of the actuator, such as the rotating spindle 174 and the
hollow shatt 17¢, which are arranged parallel to the axis of
“a”, are subject to a centrifugal force effect, and are

rotation “a
therefore arranged in floating form 1n the pressurized oil,
which generates a buoyant force directed against the centrifu-
gal force. The centrifugal force can be compensated for
through the design of the movable valve components 1n terms
of form and material. The electronics module 28, 1n particular
the electric motor 27, recetves 1ts electrical energy and its
signals for closing and opening the shut-off valve 17 on an
inductive basis. For this purpose, a primary coil 29 on the
housing side (1.e., fixed-location) and, on the other hand, a
secondary coil 30 arranged 1n the rotating electronics module
28, are provided. Additional details of the electronics module
28 are explained in connection with the description of FIG. 3.

The actuating device preferably features a power accumu-
lator, which 1s arranged in the power tlow between an actuator
and/or a shut-off valve 17 and a shifting element 4 (and
likewise between the other actuators and shifting elements),
and acts as an energy reserve upon diminishing contact force
in the multi-disk pack. Preferably, the power accumulator 1s
formed as an elastic element, for example as a disk spring,
whereas the disk spring may also be integrated into the annu-
lar piston 14.

FI1G. 2 shows a section from a hydraulic circuit diagram for
the shifting devices 6, 7, 8 1n accordance with FIG. 1, which
are allocated to the shifting elements 3, 5, 7 1n accordance
with FIG. 1. The shut-off valve 17 1n accordance with FI1G. 1
1s allocated to the shifting device, 1.e. the piston/cylinder unit
7. In each case, the shut-off valves 31, 32 are allocated to the
shifting devices 6, 8. With the reference number 19 under
FIG. 1, a rotary o1l supply (also referred to as a rotary signal
transmitter), 1.e. the o1l transier from the housing into the
rotating gear shatt, 1s designated. An electromotive, intermit-
tently driven transmission o1l pump 33, referred to as a pump
33 for short, conveys pressurized oil into a pressure accumus-
lator 34, from which the pressurized o1l 1s supplied through
the pressure control valves 35, 36 to the rotary o1l exchanger
19 and an additional rotary o1l exchanger 37. While the shift-
ing device 6 1s supplied by a separate rotary o1l supply 37, the
two shifting devices 7, 8 are connected in parallel down-
stream of the rotary oil exchanger 19; 1.e., they feature a
common rotary o1l exchanger 19—thereby, an additional
rotary o1l exchanger fraught with losses can be spared. Thus,
cach shifting device 6, 7, 8 1s controlled by a separate shut-off
value 31, 17, 32, such that, 11 the clutch is closed, the closing
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pressure 1n the pressure space can be maintained, without the
pressure accumulator 34 having to be tapped, or the pump 33
having to deliver power.

If the pressure control valves are closed, the rotary oil
exchanger 19, 37 1s applied with lubricating o1l pressure, so
that they do not draw 1n any air bubbles. In the transmission,
there 1s a lubricating o1l pressure in the amount of approxi-
mately 1.5 bar.

FIG. 3 shows the electronics module 28 as a separate struc-
tural unit 1n a perspective view, whereas two shut-off valves,
the shut-off valve 17 shown in FIG. 1 and an additional
identical shut-oif valve 38 are shown 1n sections. The elec-
tronics module 28 features a housing 39 formed 1n a ring
shape, which 1s sealed to the outside by a cover 40. The stator
of the electric motor 27 1s arranged 1nside the housing 39 (as
in FIG. 1, the same reference numbers are used for the same
parts). On the housing 39, connection fittings 41 are molded,
through which the electronics module 28 1s connected to the
body 2a of the functional mounting 2 (see FIG. 1). At the
same time, a sealing of the housing 39 against the o1l chamber
in the body 2a of the functional mounting 2 1s effected
through O-rings 42. In the drawing, four shut-oil valves, two
with the reference numbers 17, 38, and two more without
reference numbers, can be seen. Thus, as a whole, six shut-oft
valves may be arranged around the circumierence of the
clectronics module 28. As mentioned above, the rotating
spindle 17a and the hollow shait 17¢ run 1n oil. On the one
hand, they are subject to a centrifugal force effect and, on the
other hand, they experience a buoyant force, which 1s deter-
mined by the weight of the quantity of the displaced oil. In
order to achieve amaximum buoyant force, the armature shaft
17¢ 1s hollow. In addition, materials with low specific weight
are preferably used, in order to minimize the centrifugal force
clfect. As can be seen from the drawing, the hollow shait 17¢
1s mounted twice. In place of the electric motor 27 for pro-
ducing a rotating movement, a magnet may also be used 1n
connection with a valve tappet, depending on the type of
magnetic valve. The translational motion of the valve tappet 1s
then directly transterred to the closure element. As mentioned
above, the transmission of electrical energy 1s effected on an
inductive basis. For this purpose, the secondary winding 30 1s
arranged within the electronics module 28 1n the radial inter-
nal area, which 1s in operative connection with the primary
winding not shown here (see FIG. 1).

Additional details regarding the structure and mode of
operation of the electronics module 28 may be seen 1n the
simultaneously submitted application of the applicant cited
above.

FIG. 4 shows an additional axial section through the func-
tional mounting 2 and the shifting elements 3, 4 (as 1n FI1G. 1,
the same reference numbers are used for the same parts). A
contact-free position sensor 43 1s arranged on the electronics
module 28, which operates, for example, according to the
method of a differential transformer. The position sensor 43
comprises a transducer pin 44 fixed on the annular piston 13
of the shifting element 3, and an acceptor part 45 designed as
a cup arranged on the electronics module 28, in which the
transducer pin 44 1s immersed. Several such position sensors
may be arranged around the circumierence of the electronics
module 28.

Moreover, additional pressure and/or force sensors can be
provided (which 1s not shown), the signals of which are incor-
porated by the electronic control device 28.

FI1G. 5 shows, as a further embodiment of the invention, a
shifting element 46 with a multi-disk pack 47, which, through
a bellows 48, receives the contact pressure necessary for the
transmission of the turning moment. The interior of the bel-
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lows 48, which 1s supported on the one hand on the multi-disk
pack 47, and on the other hand on the housing of the shifting
clement 46, 1s filled with a pressurized medium, pressurized
o1l or pressurized air, via a supply line 49. In the area of the
supply line 49, a shut-off valve 1n accordance with the inven-
tion 1s arranged (which 1s not shown). If the coupling 1s
closed, this valve maintains the closing pressure 1n the bel-
lows 48 and thus provides for a transmission of a constant
turning moment. With the bellows, 1t 1s advantageous that
there 1s no need for sealing elements in the form of piston
rings or O-rings, and that no leakage occurs. Moreover, the
bellows 48 can be directly incorporated into the shifting ele-
ment 46, which eliminates an annular piston and a pressure
space 1n the functional mounting 2 (see FIG. 1).

As mentioned above, the functional mounting 1s designed
as a multi-functional mounting, and may take on even more
functions, such as the mcorporation of cooling o1l and lubri-
cating o1l valves for controlling a cooling o1l flow for the
multi-disk shifting elements, which can thus be cooled
according to need. A lubricating o1l valve arranged 1n the
functional mounting 1s the subject matter of a simultaneously
filed patent application of the applicant with U.S. application
Ser. No. 14/352,095, which 1s hereby fully incorporated in the
disclosure content of this application for all purposes.

Modifications and variations can be made to the embodi-
ments 1llustrated or described herein without departing from
the scope and spirit of the mvention as set forth in the
appended claims.

The mvention claimed 1s:

1. An actuating device for actuating a shifting element,
wherein the actuating device and shifting element are for
mounting on a rotating shait in a vehicle transmission, the
actuating device comprising;:

a shifting device operably configured with the shifting

element;

the shifting device comprising a pressure space for receipt

of a pressurized medium;

an electrically controlled shut-off valve disposed so as to

maintain pressure in the pressure space of the shifting
device; and

wherein the shut-off valve 1s configured with the shifting

device so as to be supplied with electrical energy 1n a
contact-free manner without electrical transmission
lines to the shut-off valve.

2. The actuating device as 1n claim 1, wherein the shifting
device 1s hydraulically or pneumatically actuated.

3. The actuating device as 1n claim 2, wherein the shifting
device comprises a bellows that 1s pressurized with the pres-
surized medium, the bellows connected to the shifting ele-
ment.

4. The actuating device as 1n claim 2, wherein the shifting
device comprises a piston and cylinder unat.

5. The actuating device as in claim 4, wherein the piston 1s
an annular piston.

6. The actuating device as 1n claim 1, wherein the shut-off
valve 1s a component of an actuator connected to the shifting
device, the actuator further comprising an electric motor, a
valve spindle, and a valve closure element.

7. The actuating device as in claim 1, wherein the shut-off
valve 1s a component of an actuator connected to the shifting
device, the actuator further comprising a magnetic coil, an

armature, and a valve tappet that actuates a valve closure
clement.
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8. The actuating device as 1n claim 1, wherein the shut-off
valve 1s a component of an actuator connected to the shifting
device, and further comprising an electronic control device
associated with the actuator, and wherein electronic compo-
nents for contact-free transmission of electrical energy to the
shut-off valve are contained within the electronic control
device.

9. The actuating device as 1n claim 8, wherein the actuator
1s connected to a functional mounting on a rotating shafit, the
actuator further comprising moving parts to actuate the shiit-
ing device, and wherein the moving parts are immersed 1n
floating form in hydraulic fluid at least partially within the
functional mounting.

10. The actuating device as 1in claim 9, wherein the movable
parts are made of a material and shape so as to have an average
density corresponding to that of the hydraulic fluid.

11. The actuating device as 1n claim 8, wherein the elec-
tronic control device comprises a contact-free position sensor
having a transducer and associated acceptor.

12. The actuating device as 1n claim 11, wherein the shift-
ing device comprises an annular piston and cylinder unit, the
transducer attached to the annular piston.

13. The actuating device as in claim 8, further comprising
an elastic element power accumulator arranged between the
actuator and the shifting element.

14. The actuating device as in claim 1, further comprising
a rotary oil exchanger to transmit hydraulic fluid from a
stationary location to the shut-off valve and shifting device,
and further comprising an additional shut-oif valve and asso-
ciated shifting device supplied from the rotary o1l exchanger.

15. The actuating device as 1n claim 14, wherein the
hydraulic fluid 1s supplied to the rotary o1l exchanger at a
lubrication pressure level.

16. The actuating device s 1in claim 1, further comprising a
pressure sensor disposed to detect shifting pressure of the
shifting device.

17. The actuating device as in claim 1, further comprising
a hydraulic fluid accumulator that supplies the pressurized
medium to the shifting device, the accumulator intermaittently
filled by a pump.

18. A transmission of a motor vehicle, comprising:

a rotating gear shaft;

a Tunctional mounting attached to the gear shatt;

a plurality of shifting elements contained at least partially

in the functional mounting;

a respective actuating device for actuating each of the
shifting elements, the actuating device further compris-
ng:

a shifting device operably configured with the shifting
element;

the shifting device comprising a pressure space for
receipt of a pressurized medium;

an electrically controlled shut-otf valve disposed so as to
maintain pressure in the pressure space of the shifting,
device; and

wherein the shut-off valve 1s configured with the shifting
device so as to be supplied with electrical energy 1n a
contact-free manner without electrical transmission
lines to the shut-off valve.
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